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THE SENSE OF CHROMOPHORE ORIENTATION IN FILMS MADE BY ALTERNATING 

POLYELECTROLYTE DEPOSITION** 

W.N. Herman and M. J. Roberts* 

Alternating polyelectrolyte deposition (APD) is a technique for fabricating multilayer 

thin films at room temperature.[1] The substrate is alternately dipped in two different aqueous 

solutions - one containing a polycation and the other a polyanion. By incorporating 

chromophores in the polycation and/or polyanion, it has been demonstrated that the APD process 

can be used to make multilayer second order nonlinear optical (x(2) NLO) polymer films.[2"8] In 

addition, a recent encouraging discovery is that these films exhibit a high degree of thermal 

robustness. [6"7] 

The structure of the stilbazolium-substituted polyepichlorohydrin (SPECH) side-chain 

polymer used in fabricating x(2) NLO APD films is shown in Figure 1. Results of orientation 

measurements on two types of films are reported here: the first had SPECH layers alternated 

with poly(sodium 4-styrenesulfonate) (PSS) and the second had SPECH layers alternated with a 

weak polyanion - polyacrylic acid (PAA). 
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Determination of the orientation of the chromophores in an NLO film is essential to 

understanding and improving the fabrication process in a new technique such as APD. Estimates 

of the tilt angle are useful for assessing the degree of polar order obtained in a particular film, but 

knowing which end of the chromophore is up is crucial to understanding the details of the 

deposition process. From ratios of different second-harmonic ^-coefficients, for example, it is 

possible to extract a tilt angle under the often-used assumption of a 5-function distribution.[9] 

The angle so obtained, however, is modulo 180° and as such does not determine "which end is 

up." The absolute sense of orientation can be determined from second-harmonic generation 

(SHG) phase measurements110"121 using the setup depicted in Figure 2. The interference of the 

second harmonic (SH) generated by quartz with the SH generated by the sample can be varied 

using a glass plate as shown in the inset in Figure 2. Rotating the glass plate produces an 

intensity interferogram as a function of plate rotation angle. If the interferograms from two 

different films with similar chromophores are compared, they will be in phase if the absolute 

sense of orientation of the chromophores is the same (for example, acceptor ends of 

chromophores in both films are up) or be 180° out of phase if the absolute sense of orientation is 

opposite regardless of the tilt angle. The value of the tilt angle affects the relative magnitudes of 

SHG from the two films, but does not affect this phase issue. Effectively, the relative sign of %{2) 

with respect to a reference thin film is being measured and, for a chromophore with a 1-D charge 

transfer axis, %(2) is proportional to ^, the dominant element of the hyperpolarizability,. 

The interference data was least squares fit to the following expression for second- 

harmonic intensity describing the interference pattern as a function of the glass rotation angle 0: 

1(6) = [EUG)} +[Estxml +2[£,*2(0)][£,f1(0)]cos|^ -h +A02(0)-2A01(0)], 
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where i = 1, 2 for the fundamental and second-harmonic, respectively; m and nia are the 

refractive indices in glass and in air, respectively; sin(0.)= sin(0)/rc,.; A2 =A, /2; i^ and ^ are 

the amplitudes of the second-harmonic electric field generated by the quartz and sample, 

respectively; ti(Q) and t2(Q) are p-polarized Fresnel transmission coefficients for the glass, 

d= 1.248mm is the thickness of the glass slide, and L=210mm is the separation distance between 

the sample and the quartz. The fitted parameters were Eq,Es, and fa = §q - fa, where $q and fa 

are the initial phases of the SH at the surface of the quartz and sample, respectively. When 

comparing two different samples, the initial phase of the quartz cancels out and the relevant 

phase difference is 8(() = ^(sample 2) - ^(sample 1). 

For the reference, we used a 20-bilayer AB accordion polymer Langmuir Blodgett Kuhn 

(LBK) film because the Langmuir Blodgett deposition process is well-established and MOP AC 7 

simulations have been carried out for these polymers.[13] When this film was placed at the 

position marked "sample" in Figure 2, the interferograms that resulted are shown in Figure 3 

indicated with solid-circle data points. The solid lines in the plots are least squares fits to the 

data to extract the phase fa when the glass plate is perpendicular to the beam. The interferogram 

for a 53 bilayer SPECH/PSS film on a hydrophobic substrate is shown with open-circle data 

points in the top plot of Figure 3 and for a 51 bilayer SPECH/PAA film on base-washed glass 

with open-circle data points in the bottom plot of Figure 3. The SPECH/PSS interferogram is 

clearly  in  phase  with  the  20-bilayer  AB   LBK  interferogram,   while  the   SPECH/PAA 



interferogram is out of phase with the 20-bilayer AB LBK interferogram. The least squares fits 

gave -0° and -180°, respectively, for the phase differences. Thus, as shown in Figure 4, the 

sense of orientation for the stilbazolium chromophore in the SPECH/PSS films deposited on 

hydrophobic glass is opposite to the sense of orientation of SPECH/PAA films deposited on 

hydrophilic glass are. The ß-vectors shown in Figure 4 represent the irreducible vector part of 

the hyperpolarizability tensor. Data collected on an 83 bilayer SPECH/PSS film on a 

hydrophobic substrate and a 61 bilayer SPECH/PAA on base-washed glass gave the same results 

regarding the sense of orientation. 

To determine whether the substrate hydrophobicity or the type of polyanion layer (PSS or 

PAA) was responsible for the difference in orientation, SPECH/PAA films were fabricated on 

hydrophobic glass. A direct comparison of the interferograms for a 51 bilayer SPECH/PAA film 

on base-washed glass with a 51 bilayer SPECH/PAA film on a hydrophobic substrate is shown 

in Fig. 5. The interferograms are clearly 180° out of phase indicating that the hydrophobicity of 

the substrate affects the sense of orientation. 

Molecule-surface interactions with the first monolayer governing the orientation in thin films 

has been seen, as well, in other types of thin films.[14] For SPECH, the end of the chromophore 

with the pyridinium group near the backbone is relatively more hydrophilic than the opposite end 

of the chromophore. Our data indicates that this feature interacting with the hydrophobicity of 

the substrate is the dominant mechanism that determines the sense of orientation in the first layer 

and chromophores in subsequent layers adopt the same sense of orientation and the same order 

parameter of the previously deposited layers. It is well known that polyelectrolyte layers are 

interspersed[15] so it is not surprising that chromophores in the process of being deposited are 

influenced with previously deposited layers. These results demonstrate that the chromophore 



orientation in the first layer 'directs' the chromophore orientation throughout the %(2) NLO APD 

films and suggests new strategies for improvement of polar order in these films. Experiments are 

underway to test this hypothesis. The practical implications of these results include the 

possibility to pattern a substrate with hydrophobic and hydrophilic regions to control the sense of 

chromophore orientation in each region. This might be done to produce a push-pull Mach- 

Zehnder interferometer, for example. 

Experimental 

The x(2) NLO APD films were fabricated at room temperature in ambient air using a 

computer-interfaced Zeiss HMS Programmable Slide Stainer that was kept in a Class 100 clean 

room under UV/blue blocked fluorescent light. The SPECH/PSS films were deposited on 

hydrophobicized glass slides and the SPECH/PAA films on both hydrophobic and base-washed 

glass slides.   The 1319nm line of a diode-pumped Nd: Y AG laser was used as the fundamental 

for the SHG measurements. 
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Figure Captions 

Figure 1.     Structure of the SPECH polycation. 

Figure 2.     Arrangement for making SHG interference measurements. Inset: The glass slide is rotated 

from e = _90° to +90° to vary the phase difference between the SHG from quartz and from 

the sample, which then interfere to produce an intensity modulation. 

Figure 3.     Superposition of SHG interferograms for 20-bilayer AB accordion polymer LBK film (solid 

circles, top and bottom plots) with 53-bilayer SPECH/PSS APD film on a hydrophobic 

substrate( open circles, top plot) and 51-bilayer SPECH/PAA on a base-washed 

substrate(open circles, bottom plot). The solid lines are least squares fits to the data. 

Figure 4. Orientations of the stilbazolium chromophore in APD films on (b) HMDS treated glass and 

(c) base-washed glass as deduced from comparison of interferograms with the reference (a) 

AB accordion polymer LBK film. 

Figure 5.     Superposition of SHG interferograms for a 51 -bilayer SPECH/PAA film on a hydrophobic 

substrate (open circles) and a 51-bilayer SPECH/PAA film on a base-washed substrate (solid 

circles) indicating opposite senses of chromophore orientation in the two films. 
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